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Abstract: The number of people in a certain place in desired time period is one of the main
questions in many monitoring and management applications. Such information is needed
also in tourism which has been one of most growing business areas in recent years.
Increasing volume forces development of new practises for the sustainable and efficient
management of recreational areas and tourist centres. Regional visitor monitoring provides
general tools for managers and decision-makers to handle multidimensional growth and the
development of tourism business. Our study aims to develop predictive approach for
solving continuously regional visitor attendance levels using inferred data and
computationally intelligent methods. In opposite to other known visitor monitoring
systems, we used mobile telecommunications network to provide data for creation of
estimate for number of people in certain region. Furthermore, regional weather conditions,
traffic density, restaurant sales and the use of accommodation facilities were coupled
together with mobile telecommunication event data. The Self-organizing Map (SOM) was
used to integrate these variables into a combined regional attendance index, and the
multilayer perceptron (MLP) was used to create the short-term predictions of visitor
attendance levels. Finally the proposed continuous modelling system consisted online data
gathering, server based modelling core and web-based user interface for information
sharing. The system was tested and validated using real data gathered from the recreational
area of Tahko. The regional visitor attendance level model and predictions were validated
against expert opinions and regional freshwater consumption data. The results showed in
general that the method is suitable for describing a real regional situation and seasonal
variations in visitor attendance levels. Moreover, the results indicated that mobile
telecommunication data improves predictions of daily visitors. Nevertheless, feedback from
the possible end-users showed that presented method has potential in applications also in
many other fields than tourism.

Keywords: positioning of masses of people, on-line monitoring, predicting, self-organizing
map, multilayer perceptron

1. INTRODUCTION
The number of people in a certain place in desired time period is one of the main questions
in many monitoring and management applications. Tourism and outdoor activities have
been growing in recent years and have become a more important area of the service sector
[Lim and McAleer, 2005]. Moreover, the popularity of outdoor sports, leisure activities and
nature tourism has been growing in recent years. Increasing use of the landscape and
natural forests has aroused severe problems, including local conflicts between commercial
activities and the use of nature [Krämer and Roth, 2002]. Thus, effective and sustainable
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management and systematic visitor monitoring is needed. Regional visitor monitoring can
be used as a general tool for managers and decision-makers to handle multidimensional
growth and the development of tourism business. In more detail, sustainable management
encompass activities like minimizing raw material loss, efficient waste management and
optimizing public transport, needed staff or opening hours.
In past studies, Cessford, Cockburn and Douglas [2002] has classified traditional visitor
monitoring techniques into three types: (1) direct observations using staff observers or
camera recordings at sites, (2) on-site counters or other devices to record visitor presence,
and (3) inferred counts, i.e. the use of other data to obtain on-site estimates. Furthermore,
combinations of these approaches are often used. Tourist centres and recreational areas
have typically plenty of activities linked to its surroundings; visitors are typically very
mobile and spread quite wide area inside the centre. Therefore it is not practically possible
to construct satisfying visitor monitoring system using on-site counters.
However, the main aim of our study was to develop a new continuous and predictive
approach for estimating regional visitor attendance levels using inferred data sources and
computationally intelligent methods. The presented method was tested with created
predictive on-line modelling system using real data gathered from the recreational area of
Tahko [Tahko, 2008] which is the biggest combined downhill, cross-country ski and leisure
resort in the southern half of Finland.

2. MATERIALS AND METHODS
The data based approach for predicting regional visitor attendance was based on time-series
data gathered from the following sources in the Tahko area. The data used contained mobile
telecommunications event data from the networks of the mobile operator Finnet Ltd.,
accommodation data from Tahkovuori Ltd., traffic density data from the National Road
Administration’s local measuring point, daily restaurant sales data from TahkoChalet Ltd.,
and weather data from the Finnish Meteorological Institute's local measuring station. The
variables used in creation of visitor attendance model and predictions are presented in Table
1.

Table 1. Variables used in modelling.
yd_sin
yd_cos
holnum_1
holnum_2
holnum_3
sin_hour
cos_hour
temp
hum
calls
rcalls
grps
sms
adults
childs
restaurant
Traffic_sum

Day of year (1-365) (transformed into continuous form using the sinefunction)
Day of year (1-365) (transformed into continuous form using the cosine
function)
Binary variable for a normal workday
Binary variable for a Saturday or eve of a feast-day
Binary variable for a Sunday or feast-day
Sine of hour
Cosine of hour
Temperature
Humidity
Number of outgoing calls
Number of calls received
Number of grps data transfer events
Number of sms messages
Daily number of adults with accommodation bookings
Daily number of children with accommodation bookings
Daily sale in euros
Number of light vehicles

Typically cell-based positioning is used to determine the geographical location of
individual mobile user. However, in this case the cell-based information was used, in a
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novel way, to determine the number of people in a certain region at a given time. Simplified
demonstration of positioning of masses of people is illustrated in Figure 1. The mobile
telecommunication data were collected from seven base transceiver stations (BTS)
encompassing the whole area of Tahko ski resort. These stations were are part of the mobile
(GSM) network of Finnet Ltd., which has an approximately 20% market share in the
Finnish mobile phone sector.

n

∑ mobile _ devices
t =1

t

Figure 1. Simplified demonstration of using mobile telecommunication network to locate
masses of people in a certain region. The number of mobile devices or the number of
telecommunication events in each network cell are used to estimate number of people.

The modelling and predicting regional visitor attendance levels was based on automated
data processing chain which is summarized in Figure 2. The data collection was done via
internet, by email and using Java Web Services interfaces, depending on the source data
management system. System was updated every morning after the data was collected and
estimate for the following seven days were presented in web interface. Additionally, all the
historical information was also available in web application and comparison between
different time periods could be done easily.
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Data collection

Data preprocessing

Combination of time-series data using SOM

Creation of regional visitor attendance level model

Feedback

Creation of regional visitor attendance prediction model using MLP

Visualization of regional visitor attendance level and predictions

Sharing new information for end-users

Figure 2. The simplified schema of on-line data processing chain for predicting regional
visitor attendance levels.

The regional model for attendance level was constructed using the Self-Organizing Map
(SOM), one of the best-known unsupervised neural learning algorithms [Kohonen, 1997;
Kolehmainen et al., 2001]. The SOM was trained using dataset containing variables
described in Table 1. After that the attributes of its prototype vectors was used to construct
the combined regional visitor attendance level model. All the variables correlated with the
actual number of visitors in the area are chosen as key variables, in this case the number of
telecommunication events, number of people with booked accommodation, restaurant sales
and traffic density. The scaled values for these key variables on each prototype vector were
summarized and the neurons of the SOM were ordered according to their sum values. The
neuron which had the highest sum of scores for the key variables contains the time periods
when the area reached its maximum visitor attendance level, and conversely, the neuron
which had the minimum sum of scores for the key variables contains the time periods when
the area had its minimum attendance level. Finally, all the neurons were fitted between the
maximum and minimum values and a percentage model was created.
The Multilayer Perceptron (MLP) [Haykin, 1999; Hecht-Nielsen, 1991; Gardner and
Dorling, 1998] was used to create a short-term regional visitor attendance level prediction
for the next seven days. The multi-layer perceptron (MLP) is the most commonly used type
of feed-forward neural network, with a structure consisting of processing elements and
connections. The processing elements, called neurons, are arranged in layers, comprising an
input layer, one or more hidden layers and an output layer. The input layer serves as a
buffer that distributes input signals to the next layer, which is a hidden layer. Each unit in
the hidden layer sums its input processes with a transfer function and distributes the result
to the output layer. It is also possible for several hidden layers to be connected in the same
fashion. The units in the output layer compute their output in a similar manner. For a more
thorough review, the reader is referred to Haykin [1999].
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In this case the parameters of MLP were following; the number of neurons in hidden layers
was 15, the learning algorithm used was resilient backpropagation (trainrp) and the
performance function of mean square error was applied. The transfer functions selected
were hyperbolic sigmoid tangent for the hidden layer and linear for the output layer.
Statistical indicators were used to provide a numerical description of the goodness of the
model. Indicators like index of agreement (IA), root mean square error (RMSE) and
coefficient of determination (R2) were calculated according to Equations 1-3. The use of
different operational performance indicators for evaluating models has been discussed at a
more detailed level in Willmot [1982].
N
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3. RESULTS
The MLP model was used to perform short-term predictions of visitor attendance levels,
produced using SOM, for weekly periods. The continuous system produced forecast of next
seven days every morning at seven o'clock. The results were promising and daily timeseries comparison between model (solid line) and predicted visitor attendance level (dashed
line) is presented in Figure 3. This plot applies to the time period between 5th March and
23th October 2005. The goodness of MLP prediction model was validated using scatter
plots (Figure 4) and statistical indicators and the results of calculations are shown in Table
2.
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Figure 3. The regional visitor attendance level model (solid line) versus predicted situation
(dashed line) for Tahko area. The resolution of the data was 24 hours and used time period
was 5th March to 23th October 2005.
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Figure 4. A Scatter plot of the predicted (+7 days) versus the actual value of the visitors'
attendance. The least-squares fitting line is presented with solid line.

Table 2. The goodness of the predicted visitor attendance model by statistical indicators.
Statistical indicator
Index of agreement
Root mean square error
Coefficient of
determination

+1
day
0.93
11.51
1.01

+2
day
0.91
12.99
1.02

+3
day
0.90
14.00
1.02

+4
day
0.90
14.21
1.01

+5
day
0.91
13.10
1.01

+6
day
0.89
12.82
0.99

+7
day
0.88
10.04
0.76

4. CONCLUSIONS
Efficient and sustainable management of tourist centres demands, not only detailed and
comprehensive information about characteristics of visitors and activities, but also up to
date information about number of visitors in certain time period. Presented approach can be
used continuously with dynamic on-line data acquisition for modelling and prediction tasks.
In this way visitor attendance level information and predictions are always available to
support different tasks of decision making. The multi-phased data processing chain was
used for regional visitor attendance level modelling, the self-organizing map was employed
to construct the combined regional visitor attendance model and the multilayer perceptron
was used to create short-term predictions.
Moreover, the mobile telecommunications data were used in novel way, as this time-series
information on the numbers of customer telecommunication events in the region was used
to locate a mass of subscribers and to predict the level of visitor attendance in the area.
Results showed that inferred data and these computationally intelligent methods provide
useful predictive on-line tools for improving sustainable decision-making and business
planning in the field of tourism. In practise, presented web-based modeling system were
applied to optimizing number of operating taxi vehicles, planning opening hours and times
of grocery shop and rescheduling the collection of municipal wastes.
On the other hand, validation of the modelling results was difficult because there is no
appropriate basis for validation which describes total regional visitor attendance levels or
the total numbers of visitors. Expert opinions and other comparable data (i.e. fresh water
consumption) therefore constituted the firmest basis for validation.
The presented prediction approach was part of the bigger information system which could
be used also in many other application fields than tourism. This kind of intelligent system
which produces continuous near real-time information about number of people in certain
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place has great potential for example in air quality exposure detection, traffic census, urban
town planning, disaster or emergency management or planning routing of hazardous cargo.
In conclusion, living in an urban environment affects citizen health and quality of life in
many ways. Therefore, in environmental impact or risk assessments, it is crucial to notify in
more detailed level how many citizen are actually exposed possible undesirable
phenomenons like terrible air quality or other emissions. Such information, could be linked
to other environmental modelling systems like OSCAR [Sokhi et el., 2008], EXPAND
[Kousa et al., 2002] or AirQUIS [Slordal et al., 2008]. Modern technology and data based
approaches enables to calculate number of people in certain place using even smaller than
hour time resolution.
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